In the present study the effects of insulin, glucocorticoids and thyroid hormones on macrophage metabolism and function were investigated. The 
.
Recent studies have shown that murine macro¬ phages utilize glucose and glutamine at high rates (Newsholme, Gordon & Newsholme, 1987) . It has been found that the peritoneal macrophage elicited satisfies its energy requirements through anaerobic glycolysis and aerobic glutamine and fatty acid oxida¬ tion . The high demand for such fuels by macrophages and possibly other cells of the immune system may explain the increased rates of protein degradation in the skeletal muscle during injury, trauma and sepsis (Newsholme et al. 1987 ; Newsholme, Newsholme, Curi et al. 1988 , 1989 .
Maximal activities of key enzymes of glycolysis, the pentose-phosphate pathway, the Krebs cycle and glutaminolysis are much higher in inflammatory murine macrophages when compared with lymphocytes (Newsholme, Curi, Gordon & Newsholme, 1986) .
Indeed, hexokinase and phosphate-dependent gluta¬ minase activities are about fourfold higher in macro¬ phages, whereas the activities of glucose-6-phosphate dehydrogenase and citrate synthase are twice as high as those found in lymphocytes (Newsholme et al. 1986 ). In addition, phosphate-dependent glutaminase activity, which is restricted to the lymphocyte mito¬ chondria (Ardawi & Newsholme, 1983; , is found in both cytosol and mito¬ chondria in macrophages (Newsholme et al. 1987 Lerne, 1985 Lerne, , 1989 . Although some information has accumulated on this subject, there has been no systematic study of the effect of these hormones on macrophage metab¬ olism and function. However, a recent report from our laboratory presents evidence of the effects of sev¬ eral hormones on the control of glutamine metab¬ olism and phagocytosis in the macrophage (Costa Rosa, Cury & Curi, 1991) .
To investigate the effects of insulin, glucocorticoids and thyroid hormones on macrophage metabolism further, key-enzyme activities of several metabolic pathways were measured in resident (unstimulated) and stimulated cells. The experiments were carried out in macrophages obtained from hormone-treated rats and in macrophages cultured for 48 h. The maximum activities of hexokinase (a quantitative index of maxi¬ mum glycolytic flux; Ardawi & Newsholme, 1982 , 1985 , glucose-6-phosphate dehydrogenase (a quanti¬ tative index of the maximum flux through the pentosephosphate pathway; Ardawi & Newsholme, 1985) and glutaminase (a quantitative index of the maxi¬ mum flux through the pathway of glutaminolysis ; Ardawi & Newsholme, 1985) were measured. Citrate synthase was also measured; this enzyme, however, provides only a qualitative index of the flux through the Krebs cycle (Almeida, Curi, Newsholme & Newsholme, 1989 7-4 for citrate synthase and 80 for glucose-6-phosphate dehydrogenase. For all enzyme assays, 0-05% (v/v) Triton X-100 was added to the assay system to complete the extraction of the enzymes. For the assay of hexokinase, the following medium was used: 75 mmol Tris-HCl/1, 7-5 mmol MgCl2/l, 0-8 mmol EDTA/1, 1-5 mmol KC1/1, 4-0 mmol B-mercaptoethanol/1, 0-4 mmol creatine phosphate/1, 1-8 U creatine kinase, 1-4 U glucose-6-phosphate dehydro¬ genase, 0-4 mmol NADP/1, pH7-5. The assay of citrate synthase consisted of 100 mmol TrisHCl/1, 0-2 mmol 5,5'-dithio-bis-2-nitrobenzoic acid (DTNB), 15 mmol acetyl CoA/1 and 0-5 mmol oxaloacetate/1, pH8-l. The assay medium for glucose-6-phosphate dehydrogenase consisted of 86 mmol Tris-HCl/1, 6-9 mmol MgCl2/l, 0-4 mmol NADP/1, 1-2 mmol glucose-6-phosphate/l, 1-2U6-phosphogluconate dehydrogenase, pH 7-6. The assay medium for glutaminase consisted of 50 mmol phos¬ phate buffer/1 (equimolar mixture of KH2P04 and (Katz, 1979) alters the generation of Super¬ oxide (Mohsenin & Latifpour, 1990 ) remains unclear.
The increased incidence of infection in diabetes (Johnson, 1970) (Nunes & Curi, 1989 
